(1963) accept that cestrogens do not act by suppressing the production of testosterone by the testes. They are not, however, prepared to rule out the possibility that they inhibit adrenal androgen production, in spite of the evidence that they did not lower 17-oxosteroid excretion in eunuchs. The evidence from animal experiments, namely that cestrogen reduces the size of the glands in adrenalectomized female rats, does not support this explanation (Ebling 1955) .
Sebum Production in the Human Female In women the adrenal gland probably plays a key role in sebaceous gland activity, since their output of sebum is only a little less than that of normal men. However, up to the age of about 50 more sebum is produced than in the castrated male, and after 50 the amount falls greatly. Since women do not normally produce more adrenal androgens than men, it seems that they must have an extraadrenal source. Circumstantial evidence implicates the ovary, though Strauss & Pochi (1963) were unable to demonstrate any significant change in sebum secretion as a result of bilateral ovariectomy.
Sebum Production as an Assay ofAndrogenicity When sebum production in the adult male is suppressed by cestrogen the simultaneous administration of androgen causes it to rise; thus sebum production in the cestrogen-treated male can be used as a sensitive assay of androgenicity (Strauss & Pochi 1963) .
The synthetic progestin norethindrone has been known to cause pseudohermaphroditism in female infants when given to their mothers during pregnancy. Though it displays little androgenicity as compared to testosterone in normal assays on ventral prostrate and seminal vesicle, a dose of 10 mg per day was able to increase sebum production in the cestrogen-treated male. On the other hand, a similar dose of norethynodrel, a synthetic progestin which differs from norethindrone only in the position of the double bond in the A ring, had no such effect and, indeed, with one exception it has not been reported to be androgenic in clinical practice. Neither progesterone itself nor 17ahydroxyprogesterone-n-caproate had any androgenic effect as measured by sebum production tests. Thus the conclusions of Ebling (1948) , working on the rat, and of Jarrett (1959) , working on man, that progesterone does not stimulate the sebaceous glands appear to be confirmed in spite of the contrary evidence of Lasher et al. (1954) and of Smith (1959) . Ebling (1961) was unable to demonstrate any activity of progesterone implants in spayed or intact, infantile or adult female rats, though injections of 10 mg per day produced a small effect in castrated male rats (Ebling 1963) .
The sebum production test was also applied to a series of anabolic agents and androgens (Strauss & Pochi 1963) . Norethandrolone and methandrostenolone both appeared to increase sebum production. Of the androgens, fluoxymesterone was much less androgenic than methyltestosterone and indeed did not consistently increase sebum production, a finding which appeared to be in keeping with some clinical experience. It seems that the sebaceous gland may provide one of the most sensitive tests of androgenic activity. Varieties of Adrenal Hyperplasia in Children Of all the virilizing syndromes of childhood, congenital adrenal hyperplasia is the commonest, best understood and perhaps, from a physiological standpoint, the most interesting. The present position has been recently reviewed by Stempfel & Franks (1963) . There is a genetically 'Now at Children's Department, St Thomas's Hospital, London determined failure of cortisol biosynthesis and ACTH production is maintained at a high level by a failure of feedback inhibition. Overproduction of steroids before the point of failure results in virilization and in a diagnostic pattern of steroid excretion that can be suppressed by cortisol. In some cases adrenal hormone production may be insufficient to avert an addisonian crisis.
Biochemical Background
The pathways of adrenal steroid biosynthesis have been well worked out, though the enzyme systems themselves have not been fully characterized. Cholesterol is the parent steroid; cleavage of the side chain produces pregnenolone (Fig 1) .
3p-hydroxysteroid dehydrogenase is involved in the formation of the characteristic A4-3-one group, and the conversion of progesterone to cortisol is accomplished by the successive insertion of hydroxyl groups at positions 17, 21 and 11. Androgen production departs from the main biosynthetic line at or before the stage of 17ahydroxyprogesterone.
Three blocks in cortisol biosynthesis have been established in cases of adrenal hyperplasia. Ninety per cent have a failure in the 21-hydroxylation system. This is usually inferred from the finding of large amounts of 21-deoxy-17-hydroxycorticosteroids, e.g. pregnanetriol, in the urine. Bongiovanni (1958) , however, has demonstrated failure of 21-hydroxylation by a homogenate of an adrenal gland from such a case. The rare hypertensive variety has a defect in the 11hydroxylation system, and the third block is at the 3 P-hydroxysteroid dehydrogenase stage.
Clinical Features
In 1963 we saw 12 new cases of classical adrenal hyperplasia with a presumed block in 21-hydroxylation. Five infants presented in adrenal crisis. In the females, virilization was an invariable feature; varying degrees of clitoral hypertrophy and labial fusion occurred, and the diagnosis was not difficult. In the males the genitalia were normal at birth and the only clinical clue in some cases was the marked pigmentation associated with the high ACTH levels. These cases were not easy to manage. One boy has since died in adrenal failure, and in another child severe hypernatraemia was precipitated by 9a-fluorohydrocortisone. The pathogenesis of the sodium loss has not been established with certainty, but the balance of the evidence now suggests that in these cases the 21-hydroxylation mechanism is more severely compromised and aldosterone secretion diminished (Bryan et al. 1962) . The possibility of a salt-losing hormone has not been excluded, and the aggravation of the sodium loss by ACTH remains to be explained (Bartter et al. 1951 ). Of the 7 older children, 6 were female pseudohermaphrodites. Three were initially referred to the surgical clinics; one, tragically, had been brought up as a boy due to a mistaken interpretation of the nuclear sex in a skin biopsy. The heavy female preponderance in this series is the usual finding; it is believed to be due to death of undiagnosed boys in the early months of life. The one boy in this group was 5 years old, and had a two-year history of sexual precocity. Like the girls, he had accelerated somatic growth and maturation. The testes were small, presumably due to suppression of gonadotrophin secretion. Although in this older group there was no history suggestive of salt wasting, the 5-year-old boy was interesting because he showed signs of sodium depletion shortly after treatment with corticosteroids was started. We have also observed this strange phenomenon in one child with the hypertensive variety of adrenal hyperplasia.
Diagnosis
The diagnosis hinges upon the finding of a high twenty-four-hour 17-oxosteroid and pregnanetriol excretion, and their suppression by cortisol. These methods are time consuming and require twentyfour-hour urine collections (which may not be feasible in the very sick child). Results are difficult to interpret in the neonatal period, and normal results may be obtained in cases with 1 1-hydroxylation blocks. We have not yet abandoned these methods, but place more reliance upon a method derived from the work of Hill (1960) which measures the ratio of 11-deoxy-17hydroxycorticosteroids to 11-oxy-17-hydroxycorticosteroids (Fig 1) . This ratio, called the 11oxygenation index, has the considerable advantage that a twenty-four-hour urine collection is not required. Hill's method has been modified so that it now only takes six hours to perform. The method is to be published elsewhere (Edwards et al. 1964) . Forty-eight cases without overt endo- 1 l-deoxy 0 1 -Oxygenation index = 17-hydroxycorticosteroids 1 1-oxy crine disease were studied (Table 1 ). There was no variation with age or sex and normal index values were obtained in very sick infants and in postoperative cases. The mean value is 0-32 ±019 (SD). In 11 cases of classical adrenal hyperplasia the index ranged between 1 0 and 4-8 and the one hypertensive case gave an index value of 8 4. Apart from the value in the rapid diagnosis of adrenal hyperplasia, the index has helped in excluding the diagnosis in a virilized girl who was subsequently found to have an adrenal tumour. In one male infant of 2 weeks adrenal hyperplasia was suspected on clinical grounds, and the 17-oxosteroid excretion of 1-3 mg/24 h was difficult to interpret at this age. The 11oxygenation index was normal and treatment was withheld. A week later the 17-oxosteroid excretion was 0-15 mg/24 h.
Results in the immediate post-natal period must still be interpreted with caution because of the predominance of the 6p-hydroxylation metabolism over A-ring reduction. 63-hydroxy-11deoxy-cortisol appears in the 1 1-oxysteroid fraction after processing and thus may give a falsely low value of the index. Modified chromatographic systems are under investigation.
The steroid excretion of most of these cases has been intensively studied by systematic twodimensional chromatography (Edwards 1962) . In two cases testosterone was tentatively identified.
Nature ofthe Virilizing Stimulus
The work of Jost (1953) has thrown light upon the factors governing the differentiation of the genital system. The gonads differentiate at the sixth week of intrauterine life. Gonadectomy at that time results in the development of a female internal genital system and the local presence of the testis during a short critical period is required for the development of a normal male internal genital system. Testosterone does not mimic this action, for it fails to suppress mullerian structures. In the case of the external genitalia, the basic pattern is again female and the masculine arrangement is only produced in the presence of a testicular secretion which can be exactly replaced by the exogenous testosterone.
The possibility that testosterone is the active androgenic agent in these cases is supported by the observation that it has been isolated from-the adrenal gland and that an adrenal homogenate can convert pregnenolone to testosterone. The finding of virilization and normal 17-oxosteroid excretion in some of the hypertensive cases is a point against a significant action by a weak androgen such as dehydroepiandrosterone.
The variety of adrenal hyperplasia described by Bongiovanni (1961) is of interest in this respect.
There appears to be a defect in 3fl-hydroxysteroid dehydrogenase activity. There is usually, but not always, severe salt loss. Females are mildly virilized, but males have hypospadias and may have cryptorchidism. It is possible that the block is present in the testis as well as the adrenal, and interferes with testosterone synthesis. In that case, testosterone would not be responsible for the mild virilization of the females.
Although the central biochemical problem of adrenal hyperplasia is now well understood, the secondary effects of the metabolic block demand further study, and the possibility that other undescribed blocks occur must be kept in mind. Virilization and the Human Ovary: Including Observations on the Stein-Leventhal Syndrome Hirsutism or virilism may be seen in patients with tumours of the ovary or the Stein-Leventhal syndrome in whom 17-oxosteroid (17-OS) excretion is normal, suggesting secretion of small amounts of a potent androgen. For example, a patientwith a large cystic granulosa cell tumour excreted only 9.9 mg 17-OS daily at a time when she had had moderate hirsuties and clitoral hypertrophy for one year. In this case the ratios of 17-deoxy-17-OS to 1 1-oxyetiocholanolones and to 1 1-hydroxyandrosterone excreted were apparently slightly elevated to 7 8 and 9 4 respectively (cf. normal
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